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Predictors of Cardiac Rehabilitation Utilization in England:
Results From the National Audit
Jennifer Sumner, MSc, BSc; Sherry L. Grace, PhD; Patrick Doherty, PhD
Background-—Cardiac rehabilitation (CR) is grossly underused, with major inequities in access. However, use of CR and predictors
of initiation in England where CR contracting is available is unknown. The aims were (1) to investigate CR utilization rates in
England, and (2) to determine sociodemographic and clinical factors associated with CR initiation including social deprivation.
Methods and Results-—Data from the National Audit of CR, between January 2012 and November 2015, were used. Utilization rates
overall and by deprivation quintile were derived. Logistic regression was performed to identify predictors of initiation among enrollees,
using the Huber–White–sandwich estimator robust standard errors method to account for the nested nature of the data. Of the
234 736 (81.5%) patients referred to CR, 141 648 enrolled, 97 406 initiated CR, and of those initiating, 37.2% completed a program
of ≥8 weeks duration. The signiﬁcant characteristics associated with CR initiation were younger age (odds ratio [OR] 0.98, 95% CI
0.98–0.99), having a partner (OR 1.31, 95% CI 1.17–1.48), not being employed (OR 0.86, 95% CI 0.77–0.96), not having diabetes
mellitus (OR 0.84, 95% CI 0.77–0.92), greater anxiety (OR 1.02, 95% CI 1.003–1.04), not being a medically managed myocardial
infarction patient (OR 0.57, 95% CI 0.42–0.76), and having had coronary artery bypass graft surgery (OR 1.64, 95% CI 1.09–2.47).
Conclusions-—CR enrollment does not meet English National Health Service targets; however it compares with that in other
countries. Evidence-based approaches increasing CR enrollment and initiation should be applied, focusing on the identiﬁed
characteristics associated with CR initiation, speciﬁcally older, single, employed individuals with diabetes mellitus and those not
revascularized. ( J Am Heart Assoc. 2016;5:e003903 doi: 10.1161/JAHA.116.003903)
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C
ardiac rehabilitation (CR) is an outpatient chronic
disease management program designed to optimize
secondary prevention and improve quality of life.
1,2
Participa-
tion in CR is associated with reduced cardiovascular mortality
and hospital readmission among other beneﬁts.
1,2
Accord-
ingly, patients in the United Kingdom and several other
countries have access to preventative CR programs. However,
when viewed from a global perspective, CR is grossly
underused. Recent meta-analyses showed that in the last
decade 43% of patients are referred,
3
40% enroll,
4
and those
who initiate CR adhere to an average of 67% of prescribed
sessions.
4
Greater participation is associated with lower
mortality in a dose–response fashion,5 and hence it is
imperative that CR utilization be increased to optimize
outcomes at the population level.
There has been considerable research undertaken, both
qualitative and quantitative, to understand factors associ-
ated with insufﬁcient patient utilization of CR. A meta-
synthesis of qualitative studies suggested that patients’
knowledge of CR services, perceptions of cardiovascular
disease, as well as ﬁnancial and occupational constraints
are key factors inﬂuencing their utilization.
6
Data from
several registries in the United States and Europe have
quantiﬁed sociodemographic and clinical characteristics
associated with utilization. For example, data from 780
patients in the American Heart Association Get with the
Guidelines database showed that nonwhite patients were
much less likely to enroll than their white counterparts.
7
Data from 2096 myocardial infarction (MI) patients in the
Prospective Registry Evaluating outcomes after MI showed
that women, patients with hypertension or peripheral artery
disease, and those without health insurance were less likely
to participate 1 month postdischarge. Furthermore, older,
nonwhite, smokers, and those of less economic means and
educational attainment were signiﬁcantly less likely to
participate 6 months post discharge. Patients who had a
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percutaneous coronary intervention (PCI) were less likely to
participate at either time-point.
8
In Europe, data from
the EUROASPIRE III survey of 13 935 patients showed
older, female patients who did not have coronary artery
bypass graft (CABG) surgery and those who smoked were
less likely to attend.
9
Consistent with the above ﬁndings
regarding the centrality of ﬁnancial/socioeconomic factors,
numerous studies have also demonstrated social depriva-
tion (eg, income, employment, and education) as a key
factor associated with both low CR utilization and higher
mortality.
10–12
To date, research on the determinants of CR initiation in
English cohorts has been limited, and stems only from small
nonrepresentative samples.
13–16
A more thorough investiga-
tion is required to identify country-speciﬁc inﬂuencing factors
that could inform targeted interventions to increase CR
utilization. Accordingly, the aims of this study were to (1)
investigate CR utilization rates in England, and (2) determine
sociodemographic and clinical characteristics associated with
CR initiation including social deprivation.
Methods
This study is reported following the guidelines: Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE).
Design and Data Source
The National Audit of CR (NACR), funded by the British Heart
Foundation, is a web-based registry of CR in England, Wales,
and Ireland. Information on service delivery, utilization, as
well as patient characteristics and outcomes is collected.
17
Data are entered onto NACR by practitioners involved in CR
delivery, according to a data dictionary (http://www.
cardiacrehabilitation.org.uk/nacr/downloads.htm). Data on
patients eligible for CR and those referred are entered onto
NACR. Participation in NACR is high: in 2015 a total of 204/
308 (66.2%) programs provided data to the NACR, in England
alone 164 programs.
17
Data were extracted retrospectively
for this observational study.
At centers involved in NACR, CR-indicated patients are
typically approached by the CR team. Referral to a CR
program is generally completed while patients are still in the
hospital or shortly after discharge by phone for day case PCI
patients. For agreeing patients, a pre-CR assessment takes
place, during which sociodemographic and clinical character-
istics are recorded as well as attendance and outcome
following CR. Across the United Kingdom, CR is delivered in
accordance with the British Association of Cardiovascular
Prevention and Rehabilitation’s standards.
18
This includes
both center and home-based self-management approaches
such as the Heart Manual.
19,20
Patients in the center-based
programs are typically offered 16 sessions over 8 weeks at a
minimum.
1
Ethics
The NACR, through the Health and Social Care Information
Centre, has approval from the Health Research Authority’s
Conﬁdentiality Advisory Group (under Section 251 of the
NHS Act 2006) to collect patient-identiﬁable data without
explicit consent from individual patients for the purposes of
audit and research. Approval is reviewed annually. Separate
ethical approval was therefore not required as part of this
project.
Measures
CR utilization was operationalized as referral, enrollment,
initiation, and completion. CR referral was deﬁned as
completion of a written/fax or electronic/systematic referral
form with receipt at the CR program. CR enrollment was
deﬁned as attendance at the pre-CR assessment. The
dependent variable of CR initiation was deﬁned as com-
mencement of CR following the pre-CR assessment (ie,
initiate the exercise program, for at least 1 session). Patients
were deﬁned as CR-initiators and noninitiators accordingly.
Finally, CR completion was deﬁned as receiving CR for
≥8 weeks, as per UK minimum standards.
1
This was
conﬁrmed where participants had a program end date and/
or post-CR assessment entered at least 8 weeks from
program initiation.
Sociodemographic characteristics assessed were age
(years), sex (male/female), marital status (partnered/single),
work status (employed/unemployed/retired), and ethnocul-
tural background (White-British, Asian, Other). Clinical char-
acteristics included main referral indications: post-MI (with
medication management only), elective PCI, MI with PCI and
CABG, prior cardiac history/event (yes/no), comorbidities
including diabetes mellitus, risk factors (hypertension, phys-
ical inactivity, obesity as assessed via body mass index), as
well as anxiety and depression symptoms. The latter were
assessed on the Hospital Anxiety and Depression Scale
(HADS), a reliable and well-validated scale, with higher scores
representing worse symptoms.
21
Wait times were also
calculated based on date of initiating event, referral date,
enrollment date, and CR start date.
Finally, to investigate the impact of social deprivation on
CR utilization, data from the 2015 English Indices of
Deprivation, speciﬁcally the Index of Multiple Deprivation
(IMD) reported at the Clinical Commissioning Group (CCG)
level, were linked to NACR. Individual patients were assigned
an IMD score according to the CCG in which their general
DOI: 10.1161/JAHA.116.003903 Journal of the American Heart Association 2
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practitioner was located. CCGs are clinically led bodies
responsible for the planning and commissioning of healthcare
services for their local area.
The IMD scores are based on 8 distinct domains of
deprivation: income, employment, education, skills and
training, health and disability, crime, barriers to housing
and services, and living environment. These are combined,
using appropriate weights, to calculate the IMD.
22
For this
study, IMD score was grouped into 5 equal-sized groups
according to score. Quintile 1 represents most-deprived
patients and quintile 5 represents least-deprived patients. In
some instances, individual patient general practitioner
postal code was unavailable; thus CCG-IMD could not be
assigned.
Participants
To test the ﬁrst objective, all adult (≥18 years) cardiac
patients in England entered onto the NACR between January
1, 2012 to November 5, 2015 were included. The main
referral indications MI, MI with PCI, PCI, and CABG are
presented separately; other indications such as heart failure
were grouped in an “other” category. There were no exclusion
criteria. For the second objective examining variables
associated with CR initiation, only patients who attended
the pre-CR (enrolled) assessment were included, so data
collected on their sociodemographic and clinical characteris-
tics at that time were available. Data were restricted to those
that had an IMD social deprivation score as well.
Statistical Analysis
All analyses were conducted using STATA version 13.1.
Descriptive statistics were used to describe CR utilization, and
compare characteristics of CR initiators and noninitiators.
Differences in these characteristics were then compared by
initiation status using t tests, v
2
, or Wilcoxon rank-sum tests
as appropriate. For continuous variables, standardized differ-
ences were also calculated to determine the meaningfulness
of group differences irrespective of sample size. Differences
greater than 0.1 were considered meaningful.
23
A multivariate logistic regression was computed to assess
factors associated with CR initiation. Variables were chosen
for the multivariate analysis based on existing evidence
indicating an association with initiation.
6–12
Independent
variables were age, sex, ethnicity, marital status, IMD quintile,
employment status, comorbidity count, prior cardiac event,
diagnosis of diabetes mellitus, anxiety and depressive symp-
toms, risk factors, and referral indication. To take account of
the nested nature of the data (ie, patients treated within CR
centers), the Huber–White–sandwich estimator robust stan-
dard errors method was used.
Results
Cohort Characteristics
As shown in Figure 1, the English NACR cohort comprised
almost 300 000 patients during the period of study. A total
of 98 880 referred English patients completed a pre-CR
assessment in the period of study (ie, enrolled) and had
available deprivation data. Their characteristics are pre-
sented in Table 1. As shown, patients were primarily British,
partnered, retired, males, had a comorbid condition, and
were physically inactive. Other ethnocultural backgrounds
were primarily black, Chinese, and those identifying as
bi- and multiracial. Other CR referral indications were heart
failure, valve surgery, implantable cardioverter-deﬁbrillator,
and pacemakers. The most common cardiac history included
MI, angina, and PCI.
CR Utilization
With regard to objective 1, CR utilization rates are shown in
Figure 1. Over 80% of the cohort was referred to CR, 49.1%
enrolled (attended pre-CR assessment), and 33.8% initiated
CR. Of those who initiated CR, 37.2% completed a program of
at least 8 weeks duration. The mean program duration was
Figure 1. Patient ﬂow in NACR and cardiac
rehabilitation utilization. NACR indicates National
Audit of Cardiac Rehabilitation.
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Table 1. Sociodemographic and Clinical Characteristics of CR Initiators and Noninitiators
Characteristics
Overall
N=98 880
CR Initiators
n=55 953 (56.6%)
Noninitiators
n=42 927 (43.4%) P Value
Sociodemographic
Mean age (SD) 65.79 (12.36) 64.53 (11.69) 67.43 (12.99)* <0.001
Sex, n males 69 516 (72.0%) 40 510 (74.1%) 29 006 (69.2%) <0.001
Ethnicity, n British <0.001
White, British 69 095 (90.4%) 29 325 (91%) 39 770 (90%)
Asian 5231 (6.8%) 2082 (6%) 3149 (7%)
Other 2066 (2.7%) 808 (3%) 1258 (3%)
Marital status, n partnered 55 282 (74.7%) 32 908 (77.5%) 22 374 (70.8%) <0.001
Employment status, n <0.001
Unemployed 9887 (15.9%) 6400 (16.4%) 3487 (15.1%)
Employed 16 991 (27.4%) 11 405 (29.3%) 5586 (24.3%)
Retired 35 022 (56.5%) 21 114 (54.2%) 13 908 (60.5%)
English indices of deprivation quintile <0.001
1 (most deprived) 14 269 (14.4%) 7749 (13.8%) 6520 (15.1%)
2 18 431 (18.6%) 9190 (16.4%) 9241 (21.5%)
3 16 048 (16.2%) 8562 (15.3%) 7486 (17.4%)
4 25 070 (25.3%) 15 519 (27.7%) 9551 (22.2%)
5 (least deprived) 25 062 (25.3%) 14 933 (26.6%) 10 129 (23.6%)
Clinical
Referral indication
Post-MI 16 910 (17.2%) 6985 (12.5%) 9925 (23.3%) <0.001
MI-PCI 30 552 (31.1%) 18 386 (33.0%) 12 166 (28.6%) <0.001
PCI 17 783 (18.1%) 10 061 (18.1%) 7722 (18.1%) 0.824
CABG 15 110 (15.4%) 10 290 (18.5%) 4820 (11.3%) <0.001
Other 17 756 (18.2%) 9859 (17.9%) 7897 (18.7%) 0.001
Comorbidity present (≥1) 65 560 (66.3%) 38 583 (68.9%) 26 977 (62.8%) <0.001
Diabetic 15 928 (16.1%) 8876 (15.8%) 7052 (16.4%) 0.017
Prior cardiac event or procedure 32 896 (33.2%) 19 518 (34.8%) 13 378 (31.1%) <0.001
Smoker 10 004 (21.3%) 4989 (17.2%) 5015 (27.9%) <0.001
Physically inactive (<150 minutes per week) 60 346 (77.8%) 33 773 (73.7%) 26 573 (83.8%) <0.001
Obese (BMI >30) 18 147 (29.6%) 11 814 (29.2%) 6333 (30.4%) <0.001
Hypertensive (BP >140/90 mm Hg) 21 934 (32.1%) 13 763 (32.2%) 8171 (32.0%) 0.617
Mean Anxiety Score (SD) 5.73 (4.24) 5.78 (4.19) 5.61 (4.34) <0.001
Mean Depression Score (SD) 4.61 (3.77) 4.60 (3.73) 4.62 (3.85) 0.286
Median time between initiating event and
referral to CR, days†
4 4 3
Median time between initiating event to
prerehab assessment, days†
25 33 13
Median time between referral and CR start, days — 43 —
Percentages were calculated using the denominator corresponding to the number of patients for which the characteristic was reported. BMI indicates body mass index; BP, blood pressure;
CABG, coronary artery bypass graft surgery; CR, cardiac rehabilitation; MI, myocardial infarction; PCI, percutaneous coronary intervention; SD, standard deviation.
*Standardized difference >0.1.
†
Capped at 365 days.
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9.2 weeks or 65 days (SD 37.4; median=56 days). Wait times
are shown in Table 1. Figures did not differ signiﬁcantly
between those with or without deprivation data (data not
shown).
As shown in Figure 2, there was a gradient in CR utilization
based on degree of social deprivation. For each, those with
lesser deprivation utilized CR to a greater degree (P<0.001).
CR Initiators Versus Noninitiators
As shown in Table 1, 55 953 (56.6%) patients initiated CR
following the pre-CR assessment. A number of signiﬁcant
differences in participant characteristics were observed
between CR initiators and noninitiators at a bivariate level.
With regard to sociodemographic characteristics, noninitia-
tors were signiﬁcantly older, more often female, non-British,
single, retired, and at increased socioeconomic deprivation
than CR initiators. With regard to clinical characteristics,
noninitiators were more likely to have a referral indication of
MI but less likely to have an indication of MI with PCI and
CABG. Moreover, noninitiators had fewer comorbidities, less
often had a prior cardiac event, were more physically inactive,
and were more likely to be smokers than CR initiators. No
meaningful differences in hypertension, anxiety or depressive
symptoms, or wait times were observed. The association of
age with CR initiation was particularly robust; for no other
continuous variables was the standardized difference >0.1.
Predictors of CR Initiation
Table 2 presents the ﬁndings from multivariate analysis.
Smoking was not included in the model due to a high degree
of missing data. The signiﬁcant sociodemographic character-
istics associated with initiation were the following: younger
age, having a partner, and unemployment. The signiﬁcant
clinical characteristics associated with initiation were the
following: not having diabetes mellitus, greater anxiety, not
having a referral indication of MI without revascularization,
and CABG surgery.
Discussion
To our knowledge, this is the largest cohort of patients in
which CR utilization and predictors of CR initiation have been
described. Generally CR was found to be underutilized.
Factors associated with failure to initiate CR were generally
consistent with what has been observed in other countries,
namely, increasing age, nonpartnered status, less invasive
treatment type, and the presence of comorbid diabetes
Figure 2. Proportion of patients (%) enrolled and completing CR
by IMD quintile. CR indicates cardiac rehabilitation; IMD, Index of
Multiple Deprivation. *Enrollment and completion compared in
least (IMD quintile 1) vs most (IMD quintile 5) deprived group
using v
2
. For both tests, P<0.001.
Table 2. Predictors of CR Initiation From Multivariate
Regression
Variable OR 95% CI Signiﬁcance (P Value)
Age 0.98 0.98 to 0.99 <0.001
Sex: female 0.96 0.89 to 1.03 0.294
Ethnicity (white, British as reference)
Asian 1.36 0.91 to 2.05 0.127
Other ethnic groups 1.69 0.95 to 2.99 0.070
Marital status: Partnered 1.31 1.17 to 1.48 <0.001
IMD (group 3 reference)
Quintile group 1 1.07 0.40 to 2.81 0.886
Quintile group 2 0.74 0.40 to 1.34 0.323
Quintile group 4 1.61 0.98 to 2.62 0.050
Quintile group 5 1.21 0.61 to 2.41 0.574
Employment status (retired as reference)
Employed 0.86 0.77 to 0.96 0.011
Unemployed 0.95 0.80 to 1.13 0.627
≥1 Comorbidity 1.07 0.72 to 1.60 0.716
Prior cardiac event 0.87 0.73 to 1.04 0.147
Diabetic 0.84 0.77 to 0.92 <0.001
Anxiety score 1.02 1.003 to 1.04 0.017
Depression score 0.98 0.96 to 1.004 0.141
Physical inactivity 1.14 0.86 to 1.52 0.328
BMI 0.99 0.98 to 1.005 0.320
Blood pressure 0.98 0.82 to 1.16 0.831
Referral indication (other as reference)
Post-MI 0.57 0.42 to 0.76 <0.001
MI-PCI 0.91 0.71 to 1.15 0.434
PCI 0.85 0.69 to 1.04 0.133
CABG surgery 1.64 1.09 to 2.47 0.017
BMI indicates body mass index; CABG, coronary artery bypass graft; CR, cardiac
rehabilitation; IMD, Index of Multiple Deprivation; MI, myocardial infarction; OR, odds
ratio; PCI, percutaneous coronary intervention.
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mellitus;
7–9,24–27
hence efforts should focus on enrolling
these patient groups.
The average CR enrollment rates globally are 40%
4
;
comparatively enrollment (deﬁned as attendance at pre-CR
assessment) was found to be 50% in this study, with 34% of
the cohort starting a CR program. While these rates are
comparable, this is, however, still far from the target of 65%
enrollment set by the National Health Service England
28
and
other clinical associations.
29–32
The level of completion in
those who initiate CR is also worryingly low at 37.2%, and
more work is needed to understand the reasons for this.
In terms of predictors of CR initiation, sociodemographic
factors were partially consistent with work from other
cohorts, although some differences were observed. Older
age is consistently reported as a determinant of nonutiliza-
tion,
24–27,33
a ﬁnding reﬂected in this study. This is often
attributed to lower referral rates among older patients,
despite the fact that older patients have been shown to
beneﬁt from CR.
34
Similarly, being in a relationship is often
associated with increased enrollment,
35
likely due to
social support. Moreover, sex was not found to be signiﬁ-
cantly associated with initiation, although evidence from
a recent systematic review showed enrollment may be
predicted by sex.
4
Interestingly, the multidimensional index of social depri-
vation was not a signiﬁcant predictor of CR initiation in the
multivariate model; however, employment alone was. This
suggests that particular aspects of socioeconomic depriva-
tion are pertinent to CR use. The impact of work status is
evidently complex, with some studies reporting that
employed patients are more likely to attend,
26
which is
likely a function of their higher socioeconomic status; others
have shown that work may compete with the time needed
for CR session participation and may lead to dropout.
6,14
Finally, other studies suggest that retired patients are more
likely to attend (which is likely a function of time availability).
In relation to the clinical factors associated with noniniti-
ation, some were consistent with existing evidence.
24,27,35,36
For example, data from 6874 referred cardiac patients in the
Wisconsin CR Outcomes Registry showed that patients who
had undergone CABG surgery were signiﬁcantly more likely to
enroll than patients who had not.
24
It is likely that patients with
more intensive/invasive acute cardiac intervention perceive
greater mortality risk, and hence subsequent motivation to
reduce this risk via CR participation. Moreover, presence of
diabetes mellitus has consistently been associated with lower
rates of enrollment.
24,33
Patients with diabetes mellitus likely
have lower self-efﬁcacy in managing their diseases, due to
their long history of being unable to tackle the lifestyle risk
factors that cause cardiovascular disease. In relation to mental
health, depressive symptoms were not associated with CR
initiation but a small effect was observed for symptoms of
anxiety in this cohort. This could be due to the greater burden
of anxiety observed in the cohort than depression.
Health Service Implications
Interventions to improve utilization have been recently
reviewed.
37
Successful strategies to increase enrollment
included structured nurse- or therapist-led contacts, early CR
assessment appointments after hospital discharge, and moti-
vational letters. These approaches should in particular be
targeted to older, unpartnered patients who are working, have
comorbid diabetes mellitus, and do not have CABG as a referral
indication. Successful strategies to increase participation were
self-monitoring, action planning, and tailored counseling.
Limitations
This large, multicenter investigation retrospectively accessed
routinely collected patient data from an established national
audit of CR services. However, some caution is warranted in
interpreting the ﬁndings. First, although CR programs are
encouraged to provide complete patients records, it was
expected that a proportion of patient data would be missing.
As such, smoking status could not be considered in the
multivariate analysis. Second, because not all indicated
inpatients are approached and entered into NACR, the rate
of referred patients reported herein is likely inﬂated. Thus,
referral rates should be interpreted with caution. Yet even in
this select group, the problem of low enrollment, participation,
and completion persists.
Conclusions
Although the enrollment rate of 50% observed in England is
below the recommended 65% benchmark, comparatively
England has utilization rates consistent with what is observed
in other countries. Factors associated with CR initiation
should be considered as ﬂags for CR practitioners as part of
patient identiﬁcation processes and during pre-CR assess-
ment. Evidence-based interventions to increase utilization in
these patients need to be broadly applied, so that the
beneﬁcial impact of CR in reducing cardiovascular mortality
and morbidity can be optimized across the country. It was
also evident that work is needed to improve the proportion of
enrolling patients completing the recommended duration of
CR, which was low at 37.2%.
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